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RESEARCH MEMORANDUM

PERFORMANCE OF A DOUBLE-RAMP SIDE INLET WITH COMBINATIONS OF
FUSELAGE, RAMP, AND THROAT BOUNDARY-LAYER REMOVAL
MACH NUMBER RANGE, 1.5 TO 2.0

By Paul C. Simon

SUMMARY

The performance of a double-ramp slde Inlet was investigated with
various combinations of fuselage, ramp, and internal throat boundary-
layer removal at free-stream Mach numbers of 1.5 to 2.0.

The installetion of inlet side falrings produced a 4-percent in-
creasge in net propulsive thrust when the inlet was matched to a hypo-
thetieal turbojet engine at a Mach number of 2.0. There was, however,
a concomitant large reduction in suberitical stability. The side falr-
ings were ineffective at Mach numbers of 1.5 and 1.8.

When a slotted throat bleed and ramp perforations were applied to
the inlet, an additional 4-percent increase in net propuleive thrust was
realized. No suberitical stability was observed at a Mach number of
2.0.

Increases in net thrust of 4 percent at Mach numbers of 1.5 and 1.8
were realized when the ramp boundary layer was bled through ramp and
throat perforations. In addition, inlet stability range and diffuser-
exit total-pressure distortions were improved.

In each case lnvestigated it wes necessary to divert two-thirds or
more of the fuselsge boundary layer to obtain meximm inlet performance.
INTRODUCTION
Substantial improvements in side inlet, intermal performance are dem-
onstrated, for example, in reference 1 by raising the inlet entirely out

of the fuselage boundary layer. Further gains were realized In refer-
ence 2 by bleeding off the extermel-compression~surface boundary-leyer
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air at the inlet throat. Reference 3 indicates that the stable mass-
flow range of an inlet could be extended 1f external-compression-surface
boundary-layer separation wes prevented by the application of suetion
through perforations in the compression surface.

The interrelation of these three methods of boundary-layer contirol
wag studied in the NACA Lewls 8- by 6-foot supersonic wind tunnel at
free-gtream Mach numbers of 1.5 to 2.0. The test configuration con-
sisted of a two-dimensional ramp-type side 1inlet mounted on a slender
body of revolution. Experimental results were recently published in
reference 4 for a 14° ramp inlet using s flush-~slot throat bleed in com-
binatlion with a fuselage boundary-layer dlverter system. The present
study evaluates the optimum net-thrust-minus-configuration-drag and
other inlet characteristics for a double-ramp (14° and 8°) inlet with
boundary-layer removal through flush glots or ramp perforations or both.

SYMBOLS
AB,e internal-bleed minimm exlit area, sq in.
AB,i internal-bleed entrance ares (perforations or throat slots or
both)
A, meximm frontal ares of basic configuration at h/& = 1, 0.759

sq ft
inlet capture area, 19.51 sq in.

inlet throat area, 11.85 sq in.

&£

Cp configuration drag coefficient, D/qOAf

D configuration drag, 1b

Dt adjusted configuration drag, 1b

Dé adjusted configuration drag of basic inlet (no internal-bleed
system) at—h/8 = 1, 1b

F internal thrust of turbojet-engine and inlet combination, 1b

¥n,1 ideal net thrust of typical turbojet engine (based on 100-
percent pressure recovery), 1b

fuselage boundary-layer diverter height, in.
M Mach number

A

840%
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2 main-duct mass-flow ratio, main—dgcg_zass flow
"o ool
P totael pressure, 1b/sq £t
T static pressure, Ib/sq t
q0 free-gstream dynamic pressure, % (pOMg), lb/sq ft
v veloclty, ft/sec
Wé diffuser-exit welght flow per unit flow area, referenced to
standard sea-level conditions
AD! incremental adjusted configuration drag, Dé - D', 1b
m
A(:—z-) stable mass-flow range, (-EZ—) - (m—z-)
0 . Oforitical 0/ minimum stable
AP/PZ total-pressure distortion et diffuser exit,
maxiimm rake total pressure minus minimum rake total pressure
area-welghted average total pressure
o] fuselage boundery-layer thickness, sapprox. 0.55 in.
p mess density
T ratlo of specific heats
Subscripts:
b basic inlet configuration: h/G = 1, no inlet throat-bleed
system
0 free-gtream conditions
2 diffuser total-pressure survey station, model station 85.0
3 diffuser static-pressure survey station, mocdel station 99.2

APPARATUS AND PROCEDURE

A two-dimensional remp-type external-compression Inlet was mounted
beneath a body of revolution comsisting of en oglve nose and & 10-inch-
dismeter cylindrical afterbecdy downstream of model statlon 46.2. A
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segment of the cylinder was removed to form a flat approach surface to

the inlet.
11lustrated in figure 1(a).

Thie body, the same as the one used 1n reference 45 is
The double ramp used in this test had en

initial wedge angle of 14° and s second wedge angle of 22° (angles
measured from body axis), as shown in figure 1(b).
selected because the 14C gingle-ramp inlet of reference 2 gave & high
pressure recovery because of a gtable second oblique shock, which was
generated by boundary-layer separation ahead of the terminal shock and
produced an additional 8° flow deflection at a Mach number of 2.0. The
present double-ramp compression surface was designed to achieve the
advantages of the same two-obligue-shock system of reference 2 without

the disadvantages of boundary-layer sepsaration.

These angles were

The positions of the

ramps were chosen to place the compresgsion shocks slightly shead of the

Inlet cowl lip.

Configuration nomenclature, internal-bleed - minimum-

exit-area ratic (hereinafter called bleed-area reatia), external diverter
height ratios, and pertinent figure numbers of the seven conflguraetions
investlgated are presented in the following table:

glde fairings

Symbols Configuration Bleed- External | Figure
srea ratio, | diverter
Ap 1 /Ay height
ratio,
n/8
S Solid-ramp inlet without o 1 4(a)
gide fairings
Sp Solid-ramp inlet with side 0 1 4(a)
Pairings
Tz | Throat-bleed inlet with 432 1, 2/3, | 4(c), (a),
gide fairings and O and (e)
T Throat-bleed inlet without 432 1 4(r)
slde fairings
To p Throat-bleed inlet with A4T71 1 4{g)
’ glde fairings and first
ramp perforated
P, | Perforated-ramp inlet with 464 1, 2/3, | 4(n), (1),
gide fairings and 1/3 | and (J)
P Perforated-ramp inlet without 464 1 4(x)

Detailed drawlings of the inlet configurations are shown 1n figuresg l(c),
and PF are

(d)}, and (e), and photographs of configurations TF,P

»

!
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presented in figures 2(a) and (b), respectively. The inlet side fair-
ings extended from the 13ip of the cowl sides to the leading edge of the
ramp. }

The external fuselage boundary-layer system consgigted of a 40°-
included-angle wedge inserted between the fuselage and the inlet. A
range of fuselage boundary-layer diverter heights h of 1, 2/3, 1/3,
and O times the fuselage boundary-leyer thickness & was avallable
for testing.

The throat boundary-layer removal system consisted of two sharp-
cornered flush slots (fig. 2(a)). Air drawn into these slots was ejec-
ted through openings in either side of the inlet cowl (see fig. i(e)).

The variation of the internal-flow area of the diffuser is shown
in figure 3. The equivalent cone angle of the over-all diffuser was
4.3°, The rate of diffusion varied with distance and atteined & max-
imum equivalent cone angle of 6° as shown by a comparison of the two
curves on figure 3. The model was connected to the support sting by
an internal strain-gage balance used t0 measure axial forces. Inlet
mass flow was varied by means of a remotely controlied plug mounted
independently of the balance.

Pressure Ilnstrumentation consisted of 24 total-pressure tubes and
slx static-pressure orifices at station 85.0, six static-pressure ori-
fices at stetion 99.2, nine base-pressure orifices, and two chamber-
pregsure orifices located in the model balance cavity.

The total-pressure distortion parameter A.P/P2 was defined as the

maximm diffuser-exit total pressure minus the minimum total pressure
divided by the area-weighted average diffuser-exit total pressure. The
pltot tubes closest to the diffuser-exit wall were 6.8 percent of the
diffuser diameter from the wall surface.

Main-duct mass-flow ratio was determined from the average static
pressure at model station 99.2 and the known aree ratio between that
station and the exit plug where the flow was assumed to be choked. The
one-dimensional diffuser-exit total-pressure recovery at model station
85.0 was calculated by an area integration of the measured pressures.
The forces resultlng from the change in total momentum from free stream
to the diffuser exit and all base forces have been excluded from the
model force data.

Subcritical flow instability was determined by observing terminal-
shock oscilleations in the schlleren viewer. Operation of the diffuser
in the buzz region was avoided to prevent model damage; however, for all
stable points, the amplitude of the statlic~pressure fluctuations at the
diffuser exit was less tharn 2 percent of free-stream total pressure.

.
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The model was tested at zero angles of attack and yaw and at Mach
numbers of 1.5, 1.8, and 2.0. At each external diverter height ratioc
and Mach number, main-duct mess-flow ratio was varled for several
internal-bleed areas. Reynclds number varied from 4x106 to 5%106 per
foot.

The Mach numbers in front of the inlets were experimentally deter-
mined to be equal to free-stream Masch numbers.

RESULTS AND DISCUSSION
Inlet Performance

Inlet performance charscteristics, consisting of diffuser-exit
total-pressure distortion AP/PZ, total-pressure recovery PZ/Po’ and

external drag coefficient CD’ are presented in figure 4. These data
are plotted as a function of main-duct mess-flow ratio mz/m0 for

several combinations of externsal and internal boundary-layer removsal.
Lineg of constant weight flow per unit diffuser-exit flow area (refer-
enced to standard sea-level conditions) W, are superimposed on the
figureg for convenience in engine-inlet matching analyses. The solid
symbols represent the conditions of minimm stable mass-flow ratlo
before the onset of buzz. An X has been placed on each pressure-
recovery -~ mass-flow curve to indicate the point of maximum thrust-
minus~incremental-drag ratio as determined from a variable-size inlet
matched to a hypothetical turbojet engine at all points on the curve.
A more detalled explanation and analysis of these points will be dis-
cussed later.

Solid-ramp inlet. - Figure 4(a) shows the effect of side fairings
on the performance of the solid-ramp inlet with an external diverter
helght ratio h/S of 1. The only significant change with the addition
of—side fairings was a S~percent increasgse in criticel mass flow with a
concomitant 79-percent reduction in stable mass-flow range at a Mach
number of 2.0.

Critical, subcritical, and minimmn steble shock patterns for the
inlet without side falrings at a Mach number of 2.0 are shown in the
schlieren photographs of flgure 4(b). The second obligue shock for the
critical case fell inside the cowl lip. The peak recovery condition
reveals thet the slip line, emanating from the intersection of the first
oblique and the terminal shocks, has entered the Inlet without causing
buzz. This alsd occurred for the case with side fairings. The minimum
stable shock pattern just prior to the onset of buzz is also shown.

2207
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Throat-bleed inlet. - The performance of the throat-bleed inlet
with side fairings (configuration Tp) is presented in figures 4(c), (d),

and (e) for external diverter height ratios of 1, 2/3, and O, respec-
tively, and various bleed-ares ratios.

The variation in pressure recovery with mass-flow ratio of config-
uration S is superimposed on the data of figures 4(e) to (k) for refer-
ence. With the throat-bleed exit doors closed (Ag e/At = 0) at a Mach

>

number of 2.0 and an h/& of 1, the inlet stability range, critical
pressure recovery, and total-pressure distortions indicated & slight
improvement over configuration Sp (solid-ramp inlet with side fairings).
However, at all Mach numbers and external boundary-layer diverter
heights, when the bleed doors were opened, peak pressure recovery in-
creased and total-pressure distortions decreased with & concomitant
increase in configuration drag coefficlent and decreases 1n mess-flow
ratio and staeble mass-flow range. Improvement in recovery and distor-
tion is the result of the ability of the throat-bleed system to remove
the separated ramp boundary-layer air caused by the terminal-shock -
boundary-layer interaction. The increase in critical drag coefficient
is due to the Increase in quantity and method of spilling mass flow.
Reduction in stable mass-flow renge is typlcal of inlets incorporating
throat bleed; however, the reason is not understocd.

At a Mach number of 2.0 and an h/8 of 1 (fig. 4(c)), the maximum
pressure recovery occurred at a bleed-area ratio AB e/At of ¢.20. It

2
was estimated from the difference in critical diffuser mass-flow ratio
between configurations SF and T that, at & bleed-area ratio of 0.20,

4 percent of the criticel Inlet mass flow was diverted through the
throat-bleed system during critical inlet operation. It is impossible
to estimate the bleed flow during subcrlitical operstion, since spillage
occurs around the cowl 1lip at this condition. At external diverter
height ratios of 1 and 2/3, bleed-area ratios of between 0.10 and 0.20
produced near maximum recoveries at all Mach numbers. However, at an
h/& of 0 (fig. 4(e)) the amount of bleed necessary to obtain the maxi-
mm possible recovery was not established; the largest bleed area (35
percent) gave the highest recovery. This higher rate of throat bleed
was required, since all the fuselage boundary layer approaching the
ramp entered the inlet. Total-pressure recoveries were well below those
of configuration S (h/8 = 1) at all free-stream Mach numbers.

The removal of slide fairlings from the throat-bleed inlet at an
n/d of 1 resulted in a slight decrease in recovery and mess flow and an
increase in the stability range. These data are presented in figure
4(f) for Mach numbers of 1.8 and 2.0. '

Figure 4(g) presents the performance of the throat-bleed inlet with
side feirings and first ramp perforated at an h/S of 1 for verious
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bleed-area ratiocs. Reference 3 shows that the stability range of an
axisymmetric two-cone nose inlet could e increased markedly By apply-
ing suction through the latter portion of the first-cone surface. The
buzz was Initiated by the separation incurred when the bow shock inter-
acted with the first-cone boundary layer. Since this case appeared
similar to the double remp discussed herein, perforations were instelled
and the boundary-layer alr, which was drawn off the first ramp, was
directed downstream by means of reverse scoops shown in figures 1(d) and
2(a). (A baffle separated the ramp bleed alr from the throat bleed air.)
Except for about a 5-percent incredse in critical masss-flow ratlo, all
inlet performance parsmeters at all Mach numbers were virtuaslly unaf-
fected by the addition of perforetions.

Perforated-ramp inlet. - Perforations were installed along the
entire ramp area, including the throat-bleed area of the previous con-
figursations (see figs. 1(e) and 2(b)). The performance of configuration
Prp (the perforated-ramp inlet with side fairings) is presented in fig-
ures 7(h), (1), and (j) for external diverter height ratios of 1, 2/3,
and 1/3.

Inlet stability was greatly improved at an h/S of 1 by the addl-
tion of perforations on the ramp and inlet throat when the bleed-exit
doors were closed. This was accomplished, however, at the expense of
distortion, mass flow, and pressure recovery. The improved stability
probably occurred because the high pressure behind the terminal shock
forced air out of the perforations ahead of the shock. The alr exhasust
from the ramp perforations probably fixed the poslition of the boundary-
layer-flow separation. Reverse flow persisted when the bleed doors were
opened. Configuration P offered no substantial improvement in inlet
stability range over configuration S at an h/S of 1. There was,
however, about a 2- to 4-percent inecrease in total-pressure recovery in
the Mach number range investigated, when the bleed-area ratio was set
at 0.35. The diffuser mass flow and total-pressure distortions were
about the same as for configuration 8; however, the drag coefficlent
dld rise at a Mach number of 2.0 from a critical value of 0.14 to 0.15.
The primary effect of reducling the _h/8 of the perforated-ramp inlet
was the reductiorn 1n critical mass flow at Mach numbers of 1.8 and 2.0,
a8 indicated in figures 4(h), (i), and (J). At a Mach number of 1.5
and an h/d of 2/3, the stable mass-flow range was Iincreased from 20
percent of critical mass flow for configuration S to 35 percent (fig.

4(i)).

The performence characteristice of configuration P (perforated—
ramp inlet without side fairings) are presented in figure 4(k). Com-
parison of the data with configuration S indicates that slight improve-
ment in peak recovery and stable mase-flow range can be realized at all
Mach numbers. However, with ramp bleed of about § percent, the critical
mass~flow ratio was reduced from 0.88 to 0.83 at a Mach number of 2.0.

820%
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Schlieren photographs of configuration P for inlet conditions of spprox-
imately critical and subcritical mass flow are shown in figure 4(1) at
& Mach number of 2.0. Obligue shocks, emenatling from the perforations,
can be seen for the condition of approximately critical mass flow.
Boundary-layer-flow separation occurred suberitically, and an enlarged
view of the ramp surface for the suberitical condition reveals air
issuing outward from the ramp perforations. This may be the result of
high bleed-chamber pressure originating at the throat perforetions,
which are subjected to high static pressure behind the terminal shock.
A method of malntaining positive suctlion to the perforations probably
would have extended the stable mass-flow range.

Propulsive Thrust

The effect of internal throat bleed and external divertier bheight on
the net-thrust-minus-incrementsl-dreg ratio (F - AD')[Eb of the throat-

bleed inlet configuration is presented in figure 5(a). This thrust
parameter represents the varisnce in optimum thrust-minus-drag from that
of the basic no-bleed configuration (configuration S, fig. 4(a)). The
thrust ratios were either optimum thrust ratio or meximum thrust ratio,
if sufficient bleed was not obtalned to determine the coptimum. The
thrusts were celculated for a typical turbojet engine assumed to be
operating at an altitude of 35,000 feet with maximum sfterburner, and

gt each Mach number the inlet and engine were matched over the mass-flow
range for each configuration end each test condition. External drag
coefficients were assumed to remaln constant while drag was varied in
proportion to the changes in Inlet size that would be required to accom-
modate the engine welght flow. The optimum ideal net-thrust-minus-4drag
ratios (F - D')/Fn,i for the solid-remp inlet without side falrings
were 0.52, 0.53, and 0.54 &t Mach numbers of 1.5, 1.8, and 2.0,
respectively.

The net thrust of the configurations with internal throat hleed at
each Mach number tested reached values greater than the basic configu-
ration at diverter heilght retios of 2/3 and 1 (fig. 5(a)). At ean h/5
of zero, the (F - AD‘)/Fb remsined well below 1 throughout the range
of bleed-door settlngs. .

Thus, it cen be concluded that, from = net-thrust viewpoint, an
h/S of about 1 is the most desirable. (Ref. 4 states that optimm
thrust can be maintained at en h/® less than 1.) It is interesting
to note that at a Mach number of 2.0 and an h/8 of 1 (fig. 5(a}), a
gain in thrust of 6 percent was obtained by adding side fairings and
throat slots to configuration S, even when the bleed doors were closed.
Of this increase, 4 percent can be credited to the side falrings alone.
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The greatest gain in (F - AD')/F occurred at a Mach number of 2.0

where configuration T ,P reach a value of 8 percent-above that obtained
for configuration 3.

Figure 5(b) shows the net-thrust-minus-incremental-drag ratios for
the perforated-ramp iniets at the three Mach numbers investigated for
various bleed-~ares ratlios and external diverter height ratiocos. Gains
in the net-thrust pearameter up to 4 percent were realized at Mach num-
bers of 1.5 and 1.8, while at a Mech number of 2.0 the net-thrust ratio
was gbout 10 percent lower than the basic configuration at a bleed-area
ratio of zera and increased to a maximum velue of 1.0 at maximum bleed-
door opening. The net-thrust ratio of the perforated-ramp inlet with

side fairings was, in general, several percent higher than that of the
perforated-ramp inlet without fairings. Configuration PF wWas approx-

jmately independent of h/5 (fig. 5(b)) down to an h/8 value of 1/3.
At no condition did the net-thrust ratic of cqnfigp;aﬁion PF with the

bleed-exit doors closed equal the net-thrust ratio with bleed.

A bar graph is presented in flgure 6 ¢f the maximum net-thrust-
minus-incremental-drag ratlo and the corresponding inlet performance
of all the inlet configurations tested. The highest value of
(F - AD')/F, wes selected from those inlets which were tested at three

different external diverter helght-ratics. -The stable mass-flow range
A(mz/mo) wag taken as the difference 1n mass-flow ratlo between critical

mess flow end minimum steble mass flow. Configuration drag ratioc
D'/F is the ratioc of the configuration drag (adjusted for changes'

in maximum frontal area to accommodate the engine weight flow) to the
ideal net thrust of the typlcal jet engine at the sppropriste free-
stream Mach number.

The throat-bleed inlets with side falrings produced gaine Iin net-
thrust ratic from 2 toc 8 percent over the basic solid-remp inlet at all
three Mach numbers investigated. The largest gain was obtained with
configuration Ty p at a Mach number of 2.0, where the nef-thrust ratio
was 1.08. This improvement was 8 direct result of increases in mass
flow and pressure recovery wlth a concomitant drop in adjusted config-
uration drag. Conflguration 'I‘F p had no stable mass-flow range and the

inlet side fairings prevented the use qf the scplieren system to ascer-

tain the point of boundary-layer separatlon} Total-pressure distortlons
for 8ll throat-bleed inlets were about 10 percent at all Mach numbers.

The perforated-ramp inlets were the only configurations tested
that showed improvements in both thrust and stable mass-flow range.
This occurred at a Mach number of 1.5 and possibly at a Mach number of
1.8. At a Mach number of 2.0, the thrust ratic was equal to or less
than configuration S because of the reduction in mass flow. Diffuser

total-pressure distortions were improved at a1l Mach numbers.

,

t
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The performance of the configurstion having the highest net-thrust-
minus-incremental-drag of reference 4 was selected for comparison and
is included in figure 6. This inlet had a 14° ramp aengle, & 19° external
cowl angle, and a single flush slot in the throat. Throat and fuselage
boundary-layer control was varied in the seme manner as for the config-
urations in this report.

Thrust ratios of 15 percent at Mach numbers of 1.5 and 1.8 and 9
percent at a Mach number of 2.0 greater than configuration S are indi-
cated. These peak values were obtalned at external diverter helght
ratios of 1/3, 2/3, and 1 et Mach numbers of 1.5, 1.8, and 2.0, respec-

tively. The lower D'/Fn’i of the 14° ramp inlet accounts for the high

(FH-AD')/Fb values at Mach numbers of 1.5 and 2.0. Although distortions

were in the order of 10 percent, the staeble mass-flow range was under
0.18 at all Mach numbers.

SUMMARY OF RESULTS

The performance of a double-ramp side inlet wlth varistions In
Internal and external boundary-layer removal was eveluated in the Lewis
8- by 6-foot supersonic wind tunnel at Mach numbers of 1.5, 1.8, and
2.0. The following resulits were obtained:

1. The installation of inlet side fairings produced a 4-percent
increase in net propulsive thrust when the inlet was matched to a hypo-
thetical turbojet engine et a Mach number of 2.0. The stable mass-flow
range, however, was considerably reduced. 8Side falrings were ineffective
et Mach numbers of 1.5 &nd 1.8.

2. The epplication of throat bleed, ramp perforstions, and side
fairings to the double-ramp inlet produced gains in thrust-minus-
Incremental-drag of between 2 and 8 percent at Mach numbers from 1.5 to
2.0. At & Mach number of 2.0, however, the stable inlet mass-flow range
was reduced to zero.

3. The instellation of perforations on the ramp and throat surface
caused reverse flow in the bleed chember under the ramp during subecriti-
cal operation. Gains of 4 percent in thrust-minus-incremental-drag were
obtained at Mach numbers of 1.5 and 1.8 with some improvement in stable
mass~-flow range. Perforations were Ineffective at a Mach number of 2.0.

4. Diffuser total-pressure distortlons were reduced from about 20
to 10 percent of the average diffuser total pressure by the use of g8ll
types of remp boundary-layer control tested. )
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5. Maximum inlet performasnce occurred with an external boundary-
layer diverter helght to fuselage boundary-layer thickness retic of
between 2/3 and 1.

Lewls Flight Propulsion Lsborstory
National Advisory Committee for Aeronautics
Cleveland, Ohio, July 25, 1956
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(4) Configuretion 1”, {throat-bleed inlet with wids fwirings
andl first ramp perforwted).
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(o) Comtiguration Py {parforsted-ramp inlet vith sida fairings).

Figore 1, -~ Conoluded. Schewmpie drawings of modsl avd inlev. {All ddmeusions in
{pohes axaapt viers noted).
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(a) Configuration Te p (throat-bleed inlet with side fairings and first remp perforated).
2
Perforated area, 0.75 square inch; slotted throat area, 8.43 square inches.

Tigure 2. - Inlet configurations.
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{b) Configuration P, (perforated-ramp inlet). Perforated area, 9.06 equare inches.
. |
' Flgure 2. - Conoluded. Inlet configurations.
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Diffuser Plow area, eq 1In.

‘ ) ' v CX-3 4028 ¢

2 ————— Test diffuser
— —— — &° Conical diffuser
{presented  for comperison)
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Plgure 3, - Diffuser internal-flow avéa veriation. Exit area at model statiocn 85.0, 22.96 square inches.

LT



fiotal -pressure distor-
tion, aP/Py

Total-preasure resovery, Po/Py

Dreg qosflicient, Cp

r O Confipoetion 8y
i A golid l)'l&g: :nnota mindwuw
atable mass flow
¥ Maxipum net-thrush-einmis-
llnu-n:m[u Maoh mumbar, ]:.5 Frea-stroam Mach number, 1.8 o m'ﬁ;dr ratio,
40 Froe-strean lLoh nlnlb:brﬁ.o,i
)
.20
|1
0 b | ]
|
1.0 '
A y. ’ I /f / V4
s £ 7 —17_‘-'_‘% 7 / im 7'__‘ ul / // : #
§ . g el 747
LALARAA | (T A/ s
1) 7 14
\ E 26 5 15 14 20/__ za/—- / / / . Z /£
| Dirhusm-exts vergnt | | Difrusar-eaty weignt | e 1 // | e eo| 2 &K / /
|_flow par unit ares, | Tlow per undt arpa, sl uner-sxit welght 2% (4
W A . LY flow par unit arm, ——l 2";
) O I L1y % l
. |
24 | T
N J(\ .'
.20
N =
oy
18 % Ry ]
. ; il
2 .5 K T 't .6 .8 8 .8 .8 .7 .8 In 1.0

.8 .7
Mase.-flow ratio, 'zﬁ"o

(n) configurations 8 and 3 (solid-ramp inles utr and ld.t.ll'amt alds fairings). External diwsrter helght redia, 1.
Figure 4, - Performance nt-.'rtum-!.n':l.ur of inlet ooniﬂp.lnum.
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Critical; mass-flow ratlo, 0.88; total- Suberiticel (pesk recovery); mass-Tlow
pressure recovery, 0.84. ratio, 0.82; total-pressure recovery,

Suberitical (minimm steble); mass-flow C-42600
ratio, 0.64; total-pressure recovery,
0.84 :

{b) Schlieren photographs of configuration S (solid-ramp inlet without side fairings)
at Mach number of 2.0. Externel diverter height ratio, 1.

Figure 4. - Continued. Performance characteristics of inlet configurations.



Total-pressure distortion, l\P/F2

Total-pressure recovery, Pa/Po

Drag coeffieient, CD

Mass-flow ratio, my/m,

(c) Configuretion Ty (throat-bleed inlet with side fa.:l_r_ir_l.ga) . External diverter
height ratio, 1. ’ ’ . ’

Figure 4. - Continued.

Performance characteristics of inlet configurations.
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Total-pressure recavery, Pﬁo

Drag cosfliolent, ﬂn

Total-prossurs distortion, aR/Fg

4028

1] a4 -6 .8 T | .3 .8 W7 a 4 +8 T B

Mass-flow ratio, mp/m,

(4) Contiguration Ty (throat-bleed inlet with side fairings). Extermal diverter
height retio, 2/3.

Figure 4. - Contimed. Performsnce characteristics of Inlet conflgurations.
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Totel-preasure diastortion, AP/P,

Totel-pressure recovery, P»/Pg

Drag coefficient, Cp

NACA RM E56G09%a

X OCdo

— — —Configurstion S (external

Bleed-area

Maximun net-thrust-pinus-
incremental-drag ratioc,
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(e} Configuration Tp (throat-bleed inlet with side fairings}.

Flgure 4. - Continued.
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Performance characteristics of inlet configurationa.
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Total-pressure recovery, Po/Pq Total-preasure dlstortion, AP/P,

Drag coefficient, Cp
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(t) configuration T (throat-bleed inlet without side fairings).

Figure 4. - Continued.
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Mass-flow ratio, mp/mg

Performance characteristlos of inlet configurations.

External diverter height ratio, 1.
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Total-pressure Tecovery, PZ/PO

Drag coeffioient, Cp

Totll-fnum aistor-
tion, AP/P,
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(g) Configuration Ty P {throat-bleed inlet with side fairings and first ramp
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perforated). External diverter height ratio, 1.

Pigure 4. - Continued.

Performance characteristics of inlet configurations.



Total-rressurs distortion, AP/P,
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Pigure 4. - Continued. Porformence characteristics of inlet configurstions.
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Toba) -preamure dtatortion, AR/F,

Total-pressure recovary, E/F,

Tehg coefflzlent, ‘:D

'NACA RM E56GO0%.
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Figure 4. - Continued. Performsnce characteristics of inleé?cbnfigurations.
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(perforated-ramp inlet with side fairings). External diverter

‘Performence cherecteristics of inlet configuretions.
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Tetel-presgure diatortion, AP/P;

Total-presgure recovery, Pn/7;,
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FPigure 4. - Comtimued. Performance characteristice of inlet configurations.



P

Approximately critleal; mmss-flow rastic, 0.82; total- Suberitical; wmass-flov ratlo, 0.55; total-pressure
Pressure recovary, 0.85 recovery, 0.86 (minimm stable)

Enlarged view of ramp for subcritical mase flow

(1) Schlieren photographs of oonfiguratiom P (perforsted-remp inlet without aide fairings)
et Mach mmber 2.0. Bleed-area ratio, 0.25; erternal diverter height ratlo, 1.

Figurs 4. - Concluded. Performance tharacterigtics of inlet configurations.
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Net-thrust-minus-incremental-drag ratio, (F - AD')/Fy

S— NACA RM E56G09%.

Maximum (F - AD')/F, for

(o]
External diverter configuration TF,P
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(a) Throat-bleed inlet.

Figure 5. - Effect of bleed and diverter height on ﬁét-thrusb-minue-incremental-drag ratio.
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Net-thrust-minus-incremental-drag ratio, (F - AD')/Fb

(o) Meximum (F - AD‘)/fb for
External diverter configuration P
height ratlo, <& Gonfiguration Sp
b/ —_— Maximm (F - A.D‘)/Fb
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(b) Perforated-ramp inlet.

Figure 5. - Concluded. Effect of bleed and diverter helght on net-thrust-minus-incremental-

drag ratio.
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Configuration Free-stream Mach number
1.5 . 2.0
External diverter | Bleed-area | External diverter [Bleed-area [Externsl diverter [ Bleed-area
height ratilo, ratio, helght ratio, ratio, helght ratio, ratlo,
b/ 55, o/At n/o 1, e/At B/ hs, /AL
38 1 — 1 —— 1 ———
S, 1 — 1 —— 1 ——
T 1 0.1 /3 0.2 1 0.15
T —_— — 1 o) 1 .2
Tp,p L .2 1 .25 1 .1
Pp 2/3 .3 1 .25 1 .35
P 1 .25 1 .15 1 .35
Ref. 4 1/3 .18 1/3 .18 1 .13
.60 6 .38

.60

.40L

Total-pressure distortion, AP/P,

Flgure 6.
responding inlet performance.

e

NACA - Langley Field, Va. '

- Coneluded.

Free-stream Mach
number, 1.5

number, 1.8

Stable mass-flow range, A(ma/mo)

Free-stream Mach
number, 2,0

Conflguration

Free-stream Msch

.34

.30

.26

.36

.28

Configuration drag ratio, D'/Fy i

>
PF Ref. 4

.32

Lot

777

7

X

S T Tp,p P
Sp T  Pp Ref. 4

Maximum net-thrust-minus-incremental-drag ratios and cor-
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